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CCXLV1.-The Condensation of Dichloroacetuldehyde 
with Anisic Acid and with p- Nitroanisole. 

By FREDERICK DANIEL CHATTAWAY and LARKIN HUNDLEY 
FARINHOLT. 

THE condensation of anisic acid with chloral in the presence of 
concentrated sulphuric acid (Chattaway and Calvet, J., 1928, 2913) 
gives 5-carboxy-2 -methoxy- 1 - p p p- trichloro- a- hydroxyethylbenzene 
(I), which can be isolated during the first stages of the reaction. If 
the reaction mixture, however, is saturated with hydrogen chloride 
and left for several days, 5-carboxy-2-methoxy-l-a~~~-tetrachloro- 
ethylbenzene (11) is produced. 

OMe OMe OMe 

p-Nitroanisole condenses with chloral in a similar manner, hut the 
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intermediate product, 5-nitro-2-methoxy- 1 - p p p - tric hloro- u-hydroxy - 
ethylbenzene, has not been isolated. 

Dichloroacetaldehyde, when similarly condensed with anisic acid 
in concentrated sulphuric acid saturated with hydrogen chloride, 
yielda mainly 5-mrboxy-2-methoxy- 1 -up p-trichZoroethylbenzens (IV ; 
R = OMe*C,H,*CO,H) together with a small amount of p~-dichloro- 
ua-di-(5-cccrboxy-2-methoxy~henyZ)ethane (V) (compare Baeyer, Ber., 
1872, 5 , 2 5 ,  280, 1094; 1873, 6, 220; 1874, 7 ,  1181). In sulphuric 
acid not previously saturated with hydrogen chloride, the latter oom- 
pound is the sole product. 5-Carboxy-2-methoxy-l-~~-&chloro- 
a-hydroxyethylbenzene (111), which must be formed as an inter- 
mediate stage in both reactions, has not been isolated, being almost 
completely transformed into (IV) or (V) under the conditions 
employed. 

R2CH*CHCl, [R*CH( OH)*CHCI,] 2 R*CHCI-CH'CI, 
(V.1 (111.) PV.1 

[R= OMe*C6~,*C02H or Oh'k*C,~,*NO,.] 
5-Carboxy -2-methoxy- 1 -up p- trichloroethylbenzene (IV) and p p - 

dic hlo r o- a u -di - (5 -car b oxy -2 -met hox yp henyl) et hane ( V) are c olour - 
less well-crystallised acids which yield corresponding esters, acid 
chZorides, arnides and anilides. In  both, the methoxy-group is very 
stable and is not easily affected by strong acids or alkalis. When 
heated with alcoholic potassium hydroxide, each loses a molecule 
of hydrogen chloride to form a~-dichZoro-5-carboxy-2-methoxy- 
styrene (VI) and p-chZorodi- (5-carboxy-2-mthoxyphenyZ)ethyZem (VI.1) 
respectively. 

OMe*O,E,.CO,H 

alcoholic alcoholic 
(IV) R*CCI:CHCl (VI-1; (V) xHI R2C:CHCl (VII.) 

When oxidised by an alkaline solution of potassium permanganate, 
5-carboxy-S-methoxy - 1 - up p- trichloroethylbenzene (IV) yields 4- 
methoxyisophthalic acid, a reaction which establishes the position 
of the entering group. 

p-Nitroanisole condenses with dichloroacetaldehyde in a similar 
manner. With sulphuric acid alone, pp-dichZoro-#a-&i-(5-n~tro- 
2-mthxypheny?)ethane (V; R = OMe*C,H,*NO,), and with sul- 
phwio acid in the presence of hydrogen chloride, 6-nitro-2-methoxy- 
I-upp-trichloroethyZ~enze~e (as IV), are formed. When oxidised with 
potassium permanganate in boiling acetone, the latter yields 
5-nitro-2-methoxybenzoic acid, showing that the -CHCl-CHCl, 
group occupies the ortho-position. 

When refluxed with alcoholic potassium hydroxide, pp-dichloro- 
oca-di-(Ei-nitr0-2-methoxyphenyl)ethane (V) undergoes profound 
decomposition, but 5-nitro-2-methoxy-l-~~p-triohloroethylbenzene 
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(IV) loses one molecule of hydrogen chloride and yields ap-dichloro- 
5-nitro-2-methoxystyrene (VI). This compound combines directly 
with two atoms of chlorine, forming 5-nitro-2-methoxy-l-aap8-tetra- 
chloroethylbenxene (VIII), which, when heated with alcoholic potass- 
ium hydroxide, itself loses a molecule of hydTogen chloride to  
produce a~~-trichloro-5-nitro-2-methoxystyrene (IX). 

In  the elimination of hydrogen chloride from 5-nitro-2-methoxy- 1 - 
aPP-trichloroethylbenzene (IV), the hydrogen atom must come from 
the a-position and the chlorine from the p-position, since the dichloro- 
addition product of this unsaturated compound melts more than 30" 
lower than the other possible isomeride, 5-nitro-2-methoxy-l-abpp- 
tetrachloroethylbenzene. The latter compound, formed by the 
action of p-nitroanisole upon chloral in the presence of concentrated 
sulphuric acid, also yields (IX) on treatment with alcoholic potassium 
hydroxide (Chattaway and Calvet, loc. cit.).  

When 5-nitro-2-methoxy-l-a~~-trichloroethylbenzene (IV) is dis- 
solved in concentrated sulphuric acid and p-nitroanisole added, 
p p-dichloro-aa-di- (5-nitro-2-methoxypheny1)ethane (V) is slowly 
formed. 

E X P E R I M E N T A L .  
Condensation of Anisic Acid with Dichloroacetuldehyde in the 

Presence of Sulphuric Acid saturated with Hydrogen Chloride.- 
Dichloroacetaldehyde alcoholate (22.5 g. ; 1 mol.) was slowly 
added, with vigorous shaking, to a solution of 20 g. of anisic acid in 
200 C.C. of sulphuric acid to which 10 g. of sodium chloride had been 
added; a further considerable excess of sodium chloride was then 
added to ensure complete saturation with hydrogen chloride. 
After 14 hours the mixture was poured over ice. The colourless 
solid obtained was fractionally crystallised from boiling alcohol, 
giving two products. The less readily soluble portion (1.2 g.) 
crystallised in compact prisms, m. p. 315", and was shown to be 
~~-dichloro-aa-di-(5-carboxy-2-methoxyphenyl)ethane (V ; R = 
OMe-C,H3*CO2H), described below, The more soluble portion was 
5-carboxy-2-methoxy-1 -app-trichloroethylbe~~ne (IV), long slender 
flattened prisms (32 g.), m. p. 189-190" (Found : C, 42.2 ; H, 3.3 ; 
C1, 37.4. C,,H,O,Cl, requires C, 42.3; H, 3.2; C1, 37.5%), very 
soluble in alcohol and glacial acetic acid, moderately easily soluble 
in ether and benzene, insoluble in light petroleum and water, and 
readily soluble in aqueous alkaline solutions. 

Condensation of Anisic Acid with Dichloroacetddehyde in  the 
Presence of Sulphuric Acid Alone.-Anisic acid (20 g. ; 2 mols.) was 
dissolved in 200 C.C. of concentrated sulphuric acid and 13.6 g. of 
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dichloroacetaldehyde alcoholate (1.3 mols.) were slowly added with 
shaking. After standing at 20" for 15 hours, the solution was 
poured over ice, The white precipitate of pp-dichloro-aa-di-(5- 
carboxy-2-methoxyphenyZ)ethane (V) thus formed (26 g.) crystallised 
from acetic acid, in which it was quite soluble, in short compact 
prisms, m. p. 315" (Found : C, 54.2 ; H, 3.9 ; C1,17*6. C1,H160BC12 
requires C, 54.1 ; H, 4.0; C1, 17-8y0) .  This compound dissolves 
readily in aqueous alkalis, from which it may be precipitated 
unchanged by acids. 

Action of Alcoholic P o h h  on 5-Carboxy-2-methoxy-l-a~~-trichlo~o- 
ethyzbenxene (IV).-Alcoholic potash was added in excess to 10 g. 
of 5-carboxy-2-methoxy-l-a~~-trichloroethylbenzene dissolved in 
100 C.C. of alcohol. When the clear solution was heated, potassium 
chloride separated. On acidification with an excess of very dilute 
hydrochloric acid, a white precipitate of a p -dichZoro-5-carboxy- 
2-methoxystyrene (VI) came down, which crystallised from alcohol, 
in which it was moderately easily soluble, in bundles of long slender 
flattened prisms, m. p. 227-228" (Found : C1, 28.6. C1,H80,C12 re- 
quires c1, 28.75y0). 

The trichloroethylbenzene (IV) was also heated nearly to boiling 
with concentrated aqueous sodium hydroxide, whereupon a thick 
precipitate of the sodium salt of ap-dichloro-5-carboxy-2-methoxy- 
styrene separated. It crystallised from alcohol, in which it was very 
soluble, in clusters of long slender needles which do not fuse a t  a high 
temperature. This compound, moderately easily soluble in hot 
water, was readily converted into the acid (VI), prepared above, by 
treating the aqueous solution with dilute hydrochloric acid. 

Preparation of the Ethyl Ester, Acid Chloride, and Amide of 5-Carb- 
oxy-2-methoxy- 1 -app-trichloroethyZbenxene (IV) .-A solution of 10 g. 
of 5-carboxy-2-methoxy-l-a~~-trichloroethylbenzene (IV) in 100 C.C. 

of ethyl alcohol containing several C.C. of concentrated hydrochloric 
acid was refluxed for 3& hours. The resulting solution was concen- 
trated and the ethyl ester which separated was crystallised from 
alcohol, in which i t  was extremely soluble, forming bundles of 
colourless needles, m. p. 69" (Found : C1, 34-3. C,,Hl,O,Cl, 
requires C1, 34~157~). This ester was also readily obtained from the 
acid chloride, described below, by boiling with ethyl alcohol. 

The acid chloride was produced when the acid (IV) was heated 
with phosphorus pentachloride, On pouring over ice, extraction 
with ether, and quick drying over anhydrous calcium chloride, a 
solution was obtained which yielded the acid chloride on concen- 
tration. It crystallised from light petroleum (b. p. 60-80") in 
slender flattened prisms, m. p. 94" (Found : C1, 47.2. C,,H,02Cl, 
requires C1, 47.0%). 



1832 CHATTAWAY AND FARINHOLT : THE CONDENSATION OF 

The amide was readily formed when the acid chloride was gently 
heated with a mixture of concentrated ammonia solution and 
alcohol. It crystallised from alcohol in clusters of long slender 
flattened prisms, m. p. 156" (Found: C1, 37.8. CloHlo02NCl, 
requires Cl, 3707%). 

Oxidation of 5 - Carboxy -2 -methoxy- 1 -up p -trichloroeth ylbenxene (IV) 
and Isolation of 4-Methoxyisophthalic Acid .-5-Carboxy-2-methoxy - 
1-app-trichloroethylbenzene (10 g.) was dissolved in 300 C.C. of 
boiling water containing sodium carbonate in excess and to this 
solution were added about 9 g. of finely powdered potassium perman- 
ganate gradually until the colour persisted on continued boiling. 
The manganese dioxide was atered off, and the colourless filtrate 
acidified with dilute hydrochloric acid ; a white solid then separated. 
On crystallisation from acetic acid, 4-methoxyisophthalic acid, 
m. p. 275", was obtained (Chattaway and Calvet, J., 1928, 2916). 

Action of Alcoholic Potash on ~~-Dichloro-uu-di-(5-carboxy-2- 
rnethoxypheny1)ethane (V) with the .Formation of the Ethylene Deriv- 
ative (VII) .-The diphenylethane derivative (V) was dissolved in 
excess of alcoholic potash and refluxed for 10 hours. Potassium 
chloride separated and when the mixture was poured into an excess 
of very dilute hydrochloric acid, ~-chZoro-uu-di-(5-carboxy-2-met~ox~- 
pheny2)ethyZene (VII) separated as a white solid. It crystallised 
from glacial acetic acid in small compact crystals, m. p. 339" 
(Found : C1, 10.0. Cl,Hl,O,C1 requires C1, 9.8%), sparingly 
soluble in alcohol but more readily in glacial acetic acid. 
Th Methyl and Ethyl Esters, Acid Chloride, Amide, and Anilide 

of p p- Dichloro- or or-di- (5-carbox y -2-methox ypheny1)ethane (V) .-The 
ethyl ester, prepared by refluxing for 16 hours an alcoholic suspension 
of the acid (V) to which several C.C. of concentrated hydrochloric acid 
had been added, and obtained by concentration of the resulting 
solution, crystallised from alcohol, in which it was very soluble, in 
flattened prisms, m. p. 117" (Found : C1,15.7. C,,H,O,CI, requires 
C1, 156%). It was also obtained by boiling the acid chloride with 
ethyl lilcohol, 

The methyl ester, prepared by boiling the acid chloride with methyl 
itloohol, eeparated from methyl alcohol, in which it was quite soluble, 
in colourless slender flattened prisms, m. p. 154" (Found : C1, 16.8. 
C20H2006C& requires C1, 16.6 %). 

Both esters are extremely dBcult to hydrolyse and were recovered 
unchanged after boiling for several hours with aqueous sodium 
hydroxide solution. 

The mid  chloride was prepared in the usual manner by heating the 
acid (V) with phosphorus penfaohloride. On pouring over ice, 
extraction with ether, and drying for 15 minutes over anhydrous 
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calcium chloride, the solution yielded the acid chloride on concen- 
tration. This crystallised from ether, in which it was quite soluble, 
in colourless hexagonal plates, m. p. 134" (Found: C1, 32.4. 
C,,H,,O,Cl, requires C1, 32.5%). 

The amide was formed by gently heating the acid chloride with a 
mixture of concentrated aqueous ammonia and alcohol. It was 
moderately easily soluble in alcohol, from which it crystallised in 
quadrilateral plates, m. p. 257" (Pound : C1, 17.9; N, 7.0. 
C,,H,,O,N,Cl, requires c1, 17.7 ; PIT, 7.05%). 

The anilide was obtained in a similar manner by heating the acid 
chloride with aniline. After treatment with dilute hydrochloric 
acid to  dissolve the excess of aniline, the anilide separated from 
alcohol, in which it was moderately easily soluble, in colourless micro- 
crystals, m. p. 209" (Found : C1, 12.8. C,,H2,0,N,Cl, requires C1, 
1209%). 

Condensation of p-Nitroanisole with Dichloroacetaldehyde in the 
Presence of Sulphuric Acid saturated with Hydrogen Chloride.-To 
a solution of 15 g. of p-nitroanisole (1 mol.) in 150 C.C. of cold concen- 
trated sulphuric acid were added 16 g. of dichloroacetaldehyde 
alcoholate (1 mol.), followed by 10 g. of sodium chloride. The 
mixture was thoroughly shaken and kept for 2 hours, more sodium 
chloride being added to ensure complete saturation with hydrogen 
chloride. A thiok, apparently crystalline solid separated in the 
yellowish mixture, which was then poured over ice. A white solid 
was obtained, which, when fractionally crystallised from boiling 
alcoh 01, p p - dic hlor o - u u -di- ( 5 -nitro - 2 -met hoxyp heny1)et h ane 
(v ; R=O~e*C6H,*N0,) (see below), slightly soluble, compact 
prisms (1 g.), m. p .  237", and 5-nitro-2-metitozy-l-aPP-tric~Zoro- 
ethylbenzene (IV), which crystallised from alcohol or glacial acetio 
acid, in which it was readily soluble, in colourless rectangular prisms, 
m. p. 140" (Found : C1, 37.4. C,H80,NC1, requires c1, 374%). 

Condensation of p-Nitroanisole with Dichloroacetaldehyde in  the 
Presence of Sulphuric Acid Alone.--p-Nitroanisole (20 g.;  1 mol.) 
was dissolved in 200 C.C. of cold concentrated sulphuric acid and 10 g. 
of dichloroacetaldehyde alcoholate (1 mol.) were slowly added with 
shaking to  the cloar yellow solution. After 24 hours, it was poured 
over ice, whereupon pp-dichloro-~~-di-(5-nitro-2-metiTLoxyp~enyl)- 
ethane (V) separated. It is easily soluble in acetic acid, less soluble 
in alcohol, and crystallises in colourless short compact priBms, m. p. 
237" (Found : C1, 18.0. 

Action of Alcoholic Potash on 5-Nitro-2-methoxy-l-ap~-t~~hlo~o- 
ethylbenzene (IV) .-When 5-nitro-2-methoxy- 1 - c$ P-trichloroethyl- 
benzene, suspended in an excess of alcoholic potash, was heated to 
60°, potassium chloride separated. Water was carefully added, and 

gave 

Cl6H1406N2C12 requires Cl, 17.7%). 
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a white precipitate of ap-dichloro-Ei-nitr0-2-met~xy~tyrene (VI) came 
down. This was very soluble in hot alcohol, from which it crystallised 
in clusters of colourless needles, m. p. 66" (Found : Cl, 28-4. 
C,H,O,NCl, requires C1,28.6%). 

Chlorination of ap- Dichloro-5-nitro-2-methoxystyrene (VI) .- 
Chlorine was passed for 8 hour through a saturated solution of the 
styrene in acetic acid, whereupon the solution became warm and 
compact crystals separated. The product, 5-nitro-2-methoxy-l- 
uap p-tetrachloroethylbenzene (VIII), crystallised from glacial acetic 
acid, in which it was easily soluble, in colourless octahedra, m. p. 165" 
(Found : C1, 44.2. 

Action of Alcoholic Potuah on 5-Nitro-2-methoxy-l-uapp-telra- 
chloroethylbenzene (VIII).-On heating this compound (VIII) with 
alcoholic potash in excess, potassium chloride was deposited. On 
careful addition of water, app-trichloro-5-nitro-2-methoxystyrene 
(IX) separated as a white solid, which crystallised from acetic acid, 
in which it was easily soluble, in colourless plates, m. p. 94", identical 
with the compound described by Chattaway and Calvet (J., 1928, 
2917). 

Oxidation of 5-Nitro-2-methoxy- 1 -app-trichloroethylbenzene (IV) and 
Iaolation of 5-Nitro-2-methoxybenzoic Acid.-To 5 g. of 5-nitro-2- 
methoxy-l-app-trichloroethylbenzene dissolved in 100 C.C. of boiling 
acetone, potassium permanganate (25 g.) was added over a period of 
30 hours. After 10 hours' boiling, the solid was separated from the 
cooled liquid and extracted with 100 C.C. of alcohol. On concen- 
tration of this solution, needles of potassium 5-nitro-2-methoxy- 
benzoate separated, from which 5-nitro-2-methoxybenzoic acid was 
obtained on acidification, m. p. 161" (Chattaway and Calvet, 

Action of p-Nitroanisole upon 5-Nitro-2-met~xy-l-u~~-tr~chl~o- 
ethylbenzene (IV), in the Presence of Concentrated Sulphuric Acid with 
the Formation of pp-Dichloro-aa-di-(5-nitro-2-methoxyphenyl)ethime 
(V).-To a solution of 6 g .  of p-nitroanisole in 60 C.C. of concentrated 
sulphuric acid was added a suspension of 10 g. of 5-nitro-2-methoxy- 
l-aPP-trichloroethylbenzene in 60 C.C. of sulphuric acid. This 
mixture was shaken at intervals during 20 hours. Hydrogen 
chloride was evolved, but the initial material did not dissolve com- 
pletely. The solution was filtered and poured over ice whereupon 
a solid separated which contained, besides uncombinedp-nitroanisole, 
~~-dichloro-au-di-(5-nitro-2-methoxyphenyl)ethane, m. p. 237", 
identical with the compound described above. 

C,H,O,NCl, requires C1, 44.45%). 

loc. ci t . ) .  
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